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SINGLE SWITCH ELECTRONIC FUSES power to multiple power outputs may be significantly 
WITH MULTIPLE POWER OUTPUTS reduced using the single switch electronic fuse of the present 

disclosure . 
BACKGROUND FIG . 1 illustrates a block diagram of an example single 

5 switch electronic fuse 100 ( also referred to herein as a fuse 
Electronic devices operate with power from a power 100 ) of the present disclosure . The fuse 100 may be designed 

source . Some electronic devices draw power from batteries , or deployed as a discrete circuit or an integrated circuit . The 
while other electronic devices draw power from an external fuse 100 may be deployed as a subsystem in an electronic 
power source such as a 120 Volt Alternating Current ( AC ) device or system or may be part of a power supply . 
wall outlet . In one example , the fuse 100 may include a logic con 
Some electronic devices can be sensitive to spikes in troller 102 , an electronic switch device ( ESD ) 104 , and a 

current . Sudden spikes in current can cause permanent plurality of current / power sensors 106 , -106n ( hereinafter 
damage to the various electronic components within the also referred to individually as a current / power sensor 106 or 
electronic device . To prevent damage from sudden spikes in collectively as current / power sensors 106 ) . The fuse 100 
current , some electronic devices may use a fuse . The fuse 15 may include a plurality of power outputs 108 , to 108 
may help to prevent damage to the electronic device , or ( hereinafter also referred to individually as a power output 
prevent fires when too much current is sent to the electronic 108 or collectively as power outputs 108 ) that are commu 
device due to variations in the power source . nicatively coupled to a respective power sensor 106 , -106m . 

In one example , the logic controller 102 may be commu 
BRIEF DESCRIPTION OF THE DRAWINGS 20 nicatively coupled to each one of the current / power sensors 

106 and the ESD 104. The ESD 104 may be coupled to each 
FIG . 1 is a block diagram of an example of a single switch one of the power sensors 106 . 

electronic fuse with multiple power outputs of the present The logic controller 102 may be implemented as a pro 
disclosure ; cessor or specialized circuit that controls operation of the 
FIG . 2 is a more detailed block diagram of an example of 25 ESD 104 in response to power levels monitored by each 

the single switch electronic fuse with multiple power outputs current / power sensor 106. The fuse 100 may limit an amount 
of the present disclosure ; of power to each output 108 of each power sensor 106. For 
FIG . 3 is a flow chart of an example method for control- example , power may be provided through the ESD 104 as 

ling a plurality of power outputs in an electronic fuse with 500 watts ( W ) ( e.g. , a 24 volt ( V ) at 20.83 amperes ( Amps ) ) . 
a single switch ; and 30 If five current / power sensors 106 are deployed , then the fuse 

FIG . 4 is a block diagram of an example non - transitory 100 may be designed to limit each power output 108 to 100 
computer readable storage medium storing instructions W of power . In some examples , the amount of power may 
executed by a processor . be distributed unevenly among the current / power sensors 

106. For example , if three current / power sensors 106 are 
DETAILED DESCRIPTION 35 deployed for 500 W , then two of the current / power sensors 

106 may have a limit of 100 W and a third current / power 
Examples described herein provide a design for single sensor 106 may have a limit of 300 W. 

switch electronic fuses with multiple power outputs and a The amount of power limited to each current / power 
method for controlling the same . As discussed above , the sensor may be based on standard . For example , certain 
fuses can be used to prevent damage to electronic devices or 40 standards may require additional fire protection around the 
fires from sudden spikes , or excessive constant current , in current / power sensors 106 and the outputs 108 if the fuse 
current from a power source . Previous fuses were designed 100 does not limit the power output to 100 W. In other 
to detect current . In addition , previous designed fuses may words , the fuse 100 may be designed to split the input power 
not activate quickly enough when spikes in current were into individual power outputs 108 of a desired wattage . 
detected . Some designs provide a separate switch for each fuse . 

The single switch electronic fuse of the present disclosure Thus , if the power output threshold is breached , the respec 
uses a single switch to control power to a plurality of power tive switch may be tripped to trip the fuse . However , the 
outputs . The plurality of power outputs may each have a switch may be a relative expensive part . 
respective current / power sensor that monitors power or The present disclosure provides a design that deploys a 
current . Thus , the single switch electronic fuse of the present 50 single switch , the ESD 104 that controls power to each one 
disclosure can activate or toggle a single switch to control of the current / power sensors 106 and respective power 
power to a plurality of different power outputs based on outputs 108. In one example , when the power threshold is 
monitoring an amount of power instead of current . In breached ( e.g. , 100 W for certain standards ) , the logic 
addition , the single switch electronic fuse of the present controller 102 may toggle the ESD 104 , thereby cutting off 
disclosure can activate quickly to meet certain safety regu- 55 power to the power outputs 108. Thus , by using an ESD 104 , 
lations and / or standards . a significant portion of the costs to build the fuse 100 can be 

In addition , as noted above , the present disclosure allows reduced . 
a plurality of power outputs to be controlled by a single In addition , the fuse 100 of the present disclosure moni 
switch . The electronic switch device in an electronic fuse tors power versus current as done in some fuse designs . The 
may be the most expensive component within a fuse . Typi- 60 current / power sensors 106 are designed to monitor power to 
cally , each fuse would use a separate electronic switch compensate for variations in the input voltage . 
device . Thus , there may be a high cost when implementing FIG . 2 illustrates a more detailed block diagram of the 
multiple fuses for multiple power outputs in a device using example fuse 100 of the present disclosure . FIG . 2 illustrates 
separate electronic switch devices for each fuse . the logic controller 102 , the ESD 104 , current / power sensors 

The present disclosure uses a single electronic switch 65 106 and the power outputs 108 , similar to FIG . 1. In one 
device in operation with a logic circuit or controller for a example , an input 202 may be provided through the ESD 
plurality of power outputs . As a result , the cost to control 104. As noted above , the input 202 may be a 24 V source . 

a 

45 

a 



a 

1 

n 

US 11,451,046 B2 
3 4 

A bias input 224 may be coupled to the logic controller 102 The timing ref 208 may be coupled to the comparator 214 . 
to power the logic controller 102 off of the input 202 . The comparator 214 may compare the timing ref 208 to the 

In one example , the fuse 100 may also include a high filtered signal from the filter circuit 218. The filter circuit 
reference voltage 204 ( e.g. , hi ref ) , a low reference voltage 218 may have a fault assertion delay and a fault removal 
206 ( e.g. , lo ref ) , and a timing reference 208 ( e.g. , timing 5 delay . The amount of delay for the two delays may be 
ref ) . The hi ref 204 , the lo ref 206 and the timing ref 208 may different . When the output from the filter circuit 218 exceeds 
be fed to the current / power sensors 106 , as discussed in the timing ref 208 ( e.g. , approximately two seconds after the 
further details below . Notably , the fuse 100 includes a single comparator 212 activates its output ) , the fault signal may be 
set of reference voltages ( e.g. , the hi ref 204 , the lo ref 206 , asserted in the fault line 216 and routed back to the logic 
and the timing ref 208 ) rather than having separate sets of 10 controller 102. In response , the logic controller 102 may 
reference voltages for each current / power sensor 106 . toggle the ESD 104 , as discussed above . 

In one example , each one of the current / power sensors In some implementations , the filter circuit 218 may be 
106 , to 106 , may also have a fault line 216 to 216n configured to have different timing parameters . As a result , 
( hereinafter also referred to individually as a fault line 216 some of the current / power sensors 106 may respond faster 
or collectively as fault lines 216 ) . When a fault signal is 15 than other current / power sensors 106 . 
generated , the fault signal may be transmitted to the logic In one example , a resistor 226 may be included before the 
controller 102 via the respective fault line 216. In response , filter circuit 218. The resistor 226 may provide a delay 
the logic controller 102 may toggle the ESD 104 to stop before the power sensor is 106 is reset . In other words , the 
delivering power to the power outputs 108. At a later time , resistor 226 may increase the amount of time the power is to 
when the fault signal is no longer transmitted or asserted , the 20 be below 100 W before resetting . 
logic controller 102 may toggle the ESD 104 again to In one example , the comparator 212 may also be coupled 
resume delivering power to the power outputs 108 . to a feedback sub - circuit that comprises a Zener diode 222 
FIG . 2 illustrates the current / power sensors 106 in further and a resistor 224 ( also referred to herein in combination as 

detail . The details of the current / power sensor 106 , are a “ Zener resistor ” ) . A Zener voltage ( V2 ) 220 may be 
illustrated and discussed below , but it should be noted that 25 provided through the Zener diode 222 and the resistor 224 
current / power sensors 1062 to 106 , may include the same to the comparator 212. The Zener voltage 220 may allow the 
components and operate in a similar manner . In one threshold values to dynamically change based on fluctua 
example , the current / power sensors 106 may include a tions of the voltage provided via the input 202. In other 
comparator 210 , 212 , and 214. In one example , the com- words , the Zener resistor may compensate for the tolerance 
parators 210 , 212 , and 214 may be open drain type . This may 30 variations of the voltage at the input 202 by allowing the 
allow connecting the comparator outputs ( e.g. , the fault line current at which the current / power sensor 106 trips to adjust 
216 ) together to get a logical OR type connection of the dynamically in response to the input voltage . 
power outputs 108 . The hi ref 204 may be coupled to the comparator 210. The 

The comparators 210 and 212 may be used to compare the hi ref 204 may be similar to the lo ref 206 , but may be 
voltage off of a sense resistor 209. The sense resistor 209 35 located farther from the 24 V input 202 than the lo ref 206 . 
may have a fairly small resistance ( e.g. , approximately 0.050 For example , the hi ref 204 may be set at a high threshold 
Ohms ( 2 ) ) , in an example , where the input voltage is 24 V , of 400 mV that is larger than the low threshold for the lo ref 
the sense resistor 209 may produce a voltage that is about 206 of 200 mV described above . Thus , the comparator 210 
200 millivolts ( mV ) below the 24 V input 202 when there is may activate its output when the current exceeds approxi 
approximately 4 Amps of current flowing to the power 40 mately 8 Amps . The output of the comparator 210 may be 
output 108 . unfiltered and may immediately assert the fault signal in the 
As noted above , the lo ref 206 may be fed to the fault line 216. The comparator 210 may be used to protect 

current / power sensors 106. The lo ref 206 may be coupled the fuse 100 from excessive currents that may damage the 
to the comparator 212. The lo ref 206 may be a direct current fuse 100 in the event of a short circuit of the power outputs 
( DC ) voltage that is generated before arriving to the current / 45 108 , or any other conditions that may drive the current of the 
power sensor 106 ( e.g. , via an alternating current ( AC ) to power outputs 108 excessively high . 
DC converter , a voltage divider , a reference , and the like , It should be noted that although FIGS . 1 and 2 illustrate 
that are not shown ) . The low ref 206 may also be approxi- a single ESD 104 , some examples may include multiple 
mately 200 mV below the 24 V input 202 , The comparator ESDs 104 that are used to partition different groups of 
212 may activate its output whenever the voltage from the 50 current / power sensors 106. In other words , there may be 
sense resistor 209 drops below a low threshold ( e.g. , 200 mV multiple ESDs 104 , but less than a number of the current / 
or more below the 24 V input voltage 202 ) . The example power sensors 106. As a result , each partition may power 
above may correspond to just below 100 W of power . different domains and each domain may be controlled by a 

The output of the comparator 212 may be routed through single ESD 104. However , a single logic controller 102 may 
a filter circuit 218. The filter circuit 218 may cause a delay 55 control operation of the ESD 104 for each partition . 
in asserting the fault line 216. The delay may be imple- FIG . 3 illustrates a flow diagram of an example method 
mented based on certain regulatory safety standards for 300 for controlling a plurality of power outputs in an 
output power in devices . For example , certain regulatory electronic fuse with a single switch . In one example , the 
safety standards may allow the power output 108 to exceed method 300 may be performed by the apparatus 100 or the 
a power limit threshold for a predefined amount of time 60 apparatus 400 illustrated in FIG . 4 and described below . 
( e.g. , five seconds ) . In one example , the filter circuit 218 At block 302 , the method 300 begins . At block 304 , the 
may implement a delay for approximately two seconds . method 300 detects that an amount of power at a current / 

In one example , when the comparator 212 activates its power sensor of a plurality of different current / power sen 
output , the output voltage of the filter circuit 218 may slowly sors is greater than a threshold . For example , in one 
rise with a rising exponential that has a time constant of a 65 example , the current / power sensor may be designed to 
few seconds . This slow rise is how the delay ( e.g. , two detect an excessive amount of current and shut down imme 
seconds ) may be implemented . diately . The threshold may be a high threshold . The high 
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threshold may be exceeded and a fault signal may be The non - transitory computer readable storage medium 404 
immediately generated or asserted . may include instructions 406 and 408 that , when executed 

In another example , the current / power sensor may also be by the processor 402 , cause the processor 402 to perform 
designed to detect an excessive amount of power and shut various functions . 
down after a predefined amount of time delay . For example , 5 In one example , the instructions 406 may include instruc 
the threshold may be a low threshold . The low threshold may tions to receive a fault signal from one of a plurality of 
be exceeded and a fault signal may be generated or asserted current / power sensors when an amount of power exceeds a 
after a time delay . For example , a timing reference signal threshold . The instructions 408 may include instructions to 
and a filter circuit may be used , as described above , to toggle a single electronic switch device in response to the 
implement the time delay for the low threshold . 10 fault signal to remove power from each one of the plurality 

In one example , the power threshold for each one of the of current / power sensors . In one example , the non - transitory 
current / power sensors may be set to a different value . In one computer readable storage medium may include further 
example , the power threshold may be dynamically set . For instructions to detect when the fault signal is stopped and to 
example , each current / power sensor may include a circuit toggle the single electronic switch device to resume provid 
associated with a different power threshold and a switch to 15 ing power to the each one of the plurality of current / power 
select the power threshold of one of the circuits . The power 
threshold may be switched by the logic controller or an It will be appreciated that variants of the above - disclosed 
external agent ( e.g. , a user via a user interface in commu- and other features and functions , or alternatives thereof , may 
nication with the logic controller to switch the power be combined into many other different systems or applica 
threshold ) . 20 tions . Various presently unforeseen or unanticipated alter 

At block 306 , the method 300 transmits a fault signal natives , modifications , variations , or improvements therein 
generated by the current / power sensor to a logic controller . may be subsequently made by those skilled in the art which 
The fault signal may be transmitted over a fault line that is are also intended to be encompassed by the following 
communicatively coupled to the logic controller . claims . 

At block 308 , the method 300 toggles a single switch in 25 
communication with the plurality of different current / power The invention claimed is : 
sensors via the logic controller in response to the fault 1. An apparatus , comprising : 
signal . For example , the single switch may be an electronic a plurality of power outputs , wherein each one of the 
switch device that is communicatively coupled to each one plurality of power outputs is communicatively coupled 
of the current / power sensors and respective power outputs of 30 to a respective current / power sensor ; 
the current / power sensors . When the single switch is a logic controller communicatively coupled to a respec 
toggled , or activated , the single switch may prevent power tive fault lite of the respective current / power sensor of 
from being delivered to the power outputs . each one of the plurality of power outputs ; and 

In one example , the current / power sensor that generated a single switch communicatively coupled to the logic 
the fault signal may periodically compare the amount of 35 controller and the respective current / power sensor of 
power to the threshold to determine if the threshold is still each one of the plurality of power outputs , wherein the 
exceeded . To check the system state , the logic controller logic controller controls power to each one of the 
may switch on the ESD temporarily to see if the fault still plurality of power outputs via the single switch . 
exists . When the current / power sensor determines that the 2. The apparatus of claim 1 , further comprising : 
threshold is no longer exceeded , the fault signal can be 40 a single high reference signal ; 
removed and the fault signal may cease transmission to the a single low reference signal ; 
logic controller via the fault line . In one example , periodi- a single timing reference signal ; and 
cally may include when the input voltage or power to the a feedback sub - circuit . 
fuse is cycled off and back on to clear the short or any other 3. The apparatus of claim 2 , wherein the respective 
type of condition that caused the excessive power . In 45 current / power sensor of each one of the plurality of power 
response , the logic controller may toggle the single switch outputs receives the single hi reference signal , the single low 
again to resume providing power to the current / power reference signal and the single timing reference signal . 
sensors and power outputs . 4. The apparatus of claim 1 , wherein the logic controller 

In one example , the controller may ignore faults when the toggles the single switch when a fault signal is received from 
system first powers on . For example , when power is 50 the respective fault line of the respective current / power 
restored , spikes in current or power may occur . The con- sensor of one of the plurality of power outputs . 
troller may be set to ignore faults for a predefined period of 5. The apparatus of claim 1 , wherein the single switch 
time ( e.g. , 20 milliseconds ) after the system is first powered comprises an electronic switch device . 
on such that the fault signal is not continuously generated . 6. The apparatus of claim 1 , wherein the apparatus is a 

In an example , different current / power sensors may have 55 discrete circuit or an integrated circuit . 
different policies for fault recovery . For example , some 7. A method , comprising : 
outputs of some of the current / power sensors may be tested detecting that an amount of power at a current / power 
more frequently than others , some outputs of some of the sensor of a plurality of different current / power sensors 
current / power sensors may have a higher time period for is greater than a threshold ; 
testing fault free before restoring power , and the like . transmitting a fault signal generated by the current / power 

The method 300 may be continuously repeated as long as sensor to a logic controller ; and 
an input voltage is provided . At block 310 , the method 300 toggling a single switch in communication with the plu 
ends . rality of different current / power sensors via the logic 
FIG . 4 illustrates an example of an apparatus 400. In one controller in response to the fault signal . 

example , the apparatus 400 may be the apparatus 100. In one 65 8. The method of claim 7 , further comprising : 
example , the apparatus 400 may include a processor 402 and periodically comparing the amount of power at the cur 
a non - transitory computer readable storage medium 404 . rent / power sensor ; 
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determining that the amount of power at the current power toggle a single electronic switch device in response to the 
sensor is below the threshold ; and fault signal to remove power from each one of the 

toggling the single switch to provide power to the plu plurality of current / power sensors . 
rality of different current / power sensors . 

9. The method of claim 7 , further comprising : 13. The non - transitory computer readable storage medium 
of claim 12 , wherein the instructions , when executed , cause ceasing transmission of the fault signal in response to the 

amount of power falling below the threshold ; and the processor to : 
toggling the single switch to provide power to the plu- detect when the fault signal is stopped in accordance with 

rality of different current / power sensors . a respective fault recover policy of one of the plurality 
10. The method of claim 7 , wherein the threshold for each of current / power sensors , wherein the respective fault 

one of the plurality of different current / power sensors is recover policy is one of a plurality of different fault 
different . recover policies of the plurality of current / p power sen 

11. The method of claim 7 , wherein the threshold for at 
least one of the plurality of different current / power sensors toggle the single electronic switch device to resume is a dynamic threshold . providing power to each one of the plurality of current / 12. A non - transitory computer readable storage medium power sensors . storing instructions that , when executed by a processor , 
cause the processor to : 14. The non - transitory computer readable storage medium 

receive a fault signal from one of a plurality of current / of claim 12 , wherein the threshold is determined by a value 
power sensors when an amount of power exceeds a of a single high reference signal . 
threshold ; and 
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